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ABSTRACT

MISCONCEPTION TO CONCEPT: EMPLOYING COGNITIVE FLEXIBILITY
THEORY-BASED HYPERMEDIA TO PROMOTE CONCEPTUAL CHANGE IN ILLSTRUCTURED DOMAINS
FEBRUARY 2001
JOSEPH J. FRANTISKA,JR., B.A., WESTFIELD STATE COLLEGE
B.S., FITCHBURG STATE COLLEGE
M.S., FITCHBURG STATE COLLEGE
M.B.A., WESTERN NEW ENGLAND COLLEGE
Ed.D., UNIVERSITY OF MASSACHUSETTS
Directed by: Professor George E. Forman

The power of New Media lies in it’s capability to present information in various
forms to the learner for not only the acquisition of needed information but to allow for
new ways of interpreting and understanding the information. Knowledge is needed to
understand how to combine different forms of media to enhance learning in knowledge
domains that are ill-defined and ill-structured. This investigation explores how to
combine such media to promote conceptual change. Cognitive Flexibility Theory (CFT)
forms the basis for this study. Tornado formation was chosen as the subject matter.

The main principles of CFT are that learning activities must provide multiple
representations of content while instructional materials should avoid oversimplifying the
content domain and support context-dependent knowledge. Instruction should be case-

based and emphasize knowledge construction, not transmission of information and
knowledge sources should be highly interconnected rather than compartmentalized.

The hypothesis is that employment of CFT principles in a hypermedia learning
environment that directs browsing improves learning and transfer of complex knowledge
and initiates conceptual change. The subjects completed a pre-test through which they
displayed their current understanding. They were then directed to enter the hypermedia
site via an entry point based on their apparent misconception of the subject matter as seen
in the pre-test. The hypermedia treatment guided the student through subject matter
information in accordance with CFT principles. The students were allowed to change
their conceptual understanding at points along the way. Soon after the treatment was
finished they completed a post-test which is identical to the pre-test. The change in the
test responses represents a conceptual change.

The results showed a profound increase towards a conceptual change representing
a shift from the subject’s original misconception to a more correct understanding. With
the counter-examples in their initial positions so that they would counteract the subject’s
misconception, the rate of positive conceptual change was high. With the examples
reversed in an effort to see if they could bring about a continued high rate of change, this
rate was indeed maintained. In both cases the number of subjects displaying a positive
conceptual change was in excess of 60%.
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CHAPTER I.
INTRODUCTION

The field of New Media authoring is still evolving and is largely an inexact
science. The power of New Media lies in it’s capability to present information in various
forms to the learner for not only the acquisition of needed information but to allow for
new ways of interpreting and understanding the information. More knowledge is needed
to understand how best to combine different forms of media to enhance learning.

This investigation will explore and examine how to best combine visual and
textual information in the context of science education to promote conceptual change
Cognitive Flexibility Theory (CFT) will serve as the basis for this study. Specifically,
directed browsing driven by CFT vs. undirected browsing will be examined.

With the advent of fast computer hardware and software for the creation of
multimedia and hypermedia, the search for knowledge is greatly accelerated. With this
speed comes other problems. Specifically, the breadth, depth and sheer volume of the
information to be assimilated is staggering. The arrival of accurate, powerful web
searching tools has aided in this area. However, another related problem is the complexity
of the knowledge itself. This complexity can arise from an unclear or ill-defined body or
domain of knowledge. The acquisition and understanding of complex knowledge based
on an ill-structured domain can be extremely difficult and frustrating for the learner.
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In cognitive flexibility theory, one learns akin to "criss-crossing conceptual
landscapes". Issues involved are analyzed in different contexts and from different
perspectives. The instructional medium makes such criss-crossing possible and
knowledge representations reflect the "criss-crossing that occurred during learning". The
criss-crossing nature leads to knowledge structures that can be likened to a web-like form.
This implication of high interconnectivity accounts for flexibility in application. Also,
such structures can be easily re-assembled for problem solving in new domains.
Hypermedia is particularly well-suited as a means to impart these knowledge structures.

Cognitive Flexibility-based hypermedia are computer based instructional
programs that are bom from Cognitive Flexibility Theory and are built to carry out its
operations. The computer’s ability to utilize the highly multi-dimensional and web-like
stmcture in multiple ways describes this kind of an educational set-up with the term
"random access instruction".
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Research Literature

To illustrate the use of this technique in the area of literary comprehension, the
classic film "Citizen Kane" has been considered as an example. A computer program
called "KANE" helps a student develop a better understanding of some of the finer
aspects of the film. The program bears particular emphasis to Kane’s character (i.e., his
motivations, feelings, values etc. through the progression of the film.)

On starting the program, students can select from one of many themes. "Each
theme has been put forward by some experts as being capable of providing a complete
account of the Kane character’s behavior, motivations, failings, and so on". For those
familiar with the movie, some examples of themes include "Hollow Man", "Wealth
Corrupts", and "Outsized Ambition".

On selection of a theme, the student is presented with a list of scenes that are
meaningful to the theme selected. The student also has access to additional themes that a
scene portrays. Every scene combines a segment of the film with a textual Commentary on
the theme it represents. By viewing the same scene under different themes, students
develop a better understanding of the subtleties and nuances associated with some of the
finer aspects.

Interestingly, restriction is absent and the students are given the freedom to
define and form their own themes. Spiro, et. al. (1992) suggests that this feature would be
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particularly useful to instructors wanting to educate students on a particular aspect of the
literary piece under question. While the traditional theories may be applied to novice
learning, almost opposite techniques are required for learners to develop the cognitive
flexibility to apply learning to complex, unrelated real life situations in more advanced
learning.

In order to achieve this cognitive flexibility, the learning theory leads to an
instruction paradigm which calls for flexible learning environments that require multiple
representations of items, repetition, active learner involvement, avoidance of
oversimplification of content, situated cases, and multiple interconnections. We have
called this instructional theory Cognitive Flexibility Theory. This type of
leaming/instruction is particularly enhanced/facilitated by the capabilities of computer
technology delivery and, in particular, hypertext. (Spiro et. al. 1991)

Simonson (1997) describes an "ill-structured domain," specifically, the federal
government process. While, in its simplified form, it might appear that knowing the steps
of the government process is pretty linear and straightforward and not ill-structured at all.
However, CFT says precisely that over-simplification leads to lack of transference. Even
though in context this product is a "basic" class, the fact is that learners must use the
information for complex job tasks—such as answering customers unpredictable questions
for information of all sorts, analyzing and writing about current developments in
government or researching specific cases. In this setting, then, the traditional high school
government or civics course could be considered the "novice" level learning, in which the
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structure is simplified. But in this "basic" class the principles of ill-structuredness and
complexity apply.

Because the theory is concerned with addressing failures of learning transfer
through oversimplification and over-structuring, a particular interest was in its application
to the training of employees to understand the federal government process. While the
principle of learning transfer may not apply per se. The employees didn’t need to
memorize the steps in the government process—they must have a degree of knowledge of
the structure of the domain to be able to quickly go to specific information they need.
They need to know how to apply the information in specific job situations that are very
diverse: a reporter needs to know the underlying process in order to analyze a current
event, devise probing reporting questions, gather the proper data and talk to the right
sources.

A research person needs quick retrieval abilities of specific data when faced with
a customers questions or access to phone numbers or organizational charts to determine
where to get the information. A clerical may need to have a mental model of the structure
for filing data related to publications content. A sales person may need only a quick
outline of information to field customer questions and understand basic publication
content for a wide variety of publications. So, the goal is NOT to be able to recite the
steps of the process, rather use it as a tool to analyze and gather appropriate additional
data and apply it to judgments about the worth and usefulness and likely next steps of that
data for our subscribers.
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The case study approach applies to the way users use the knowledge, since on-thejob use is always a different "case" pertaining to the federal government process. It was
not used as an instructional model, however, since it would simply take too long.

It was found that since the users have been exposed to the job tasks for some time
have constructed their own models of how to organize useful information about the
process—whether it be by process steps, by resource (phone numbers, addresses,
directories, etc.) or by institutional organization. Therefore, the goal was to replicate this
work process as much as possible to make information retrieval as quick as possible. In
this respect the domain based on usage and not strictly knowledge, is complex and illstructured as well.

According to Jacobson (1995), CFT asserts that students who develop "flexible
representations of knowledge" will be able to adapt that knowledge to a wider variety of
problem settings.

6

Cognitive flexibility theory supports the use of hypermedia for learning and
provides several design prescriptions for hypermedia that seeks to promote flexible use of
complex knowledge in students. Among these prescriptions are:

* Using case studies to learn abstract concepts instead of learning facts that are
removed from their context.
* Presenting information from a variety of perspectives and representations;
stressing the complexity of knowledge over the isolation and decontextualization
of knowledge.
* Stressing the network and relationships among knowledge; and involving the
learner in the construction of new knowledge via problem-solving tasks rather
than the recitation and memorization of facts, concepts, and principles. Jacobson
& Spiro (1995).

Jacobson & Spiro (1995) suggest that when compared to traditional approaches
that call for students to learn information apart from its context, materials designed
according to cognitive flexibility theory (e.g., hyper-based cases) have been shown to
promote transfer of complex knowledge to new settings. Transfer means students are able
to apply new knowledge to a variety of problem settings more readily. Students exposed
to CFT treatments, however, tend to perform worse on measures of factual memorization
than colleagues who are exposed to more rigidly structured materials. These findings are
not seen as disturbing if one takes the constructivist viewpoint that knowing how to learn
and apply knowledge in multiple situations is more important than knowing or
memorizing discrete and unstructured facts.
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Jacobson & Spiro (1995) also suggest that students have different belief systems
"related to the acquisition and structure of knowledge" and that these epistemic beliefs
can "determine the type of cognitive resources the student accesses in performing learning
and problem-solving tasks". The authors tested the hypothesis that students with complex
epistemic beliefs who enjoyed active construction of knowledge via complex cases in
multiple viewpoints and representations would be more successful with cognitive
flexibility hypertexts. Students in an experimental condition receiving a cognitive
flexibility hypertext treatment and who were tested to have complex epistemic knowledge
averaged higher scores on a transfer-related, problem-solving essay task than students in
the same treatment with less complex epistemic knowledge.

Jacobson & Spiro (1995) point out "further research could collect data on the
subjects hypertext traversal patterns that could help clarify the relationship between
epistemic beliefs, learning with hypertext, and knowledge transfer". When compared to
their epistemic beliefs and scores on transfer measures, this information could determine
whether cognitive flexibility theory is a valid approach for students with disparate
epistemic beliefs. If students with simple epistemic beliefs are found to be struggling with
complex hypertext environments as seems to be the case. Spiro, et. al. (1992) suggest that
further research be conducted to "investigate how students with simple epistemic beliefs
can be better prepared to use and learn from an instructional approach such as the
Thematic Criss-Crossing Hypertext, which employs multiple knowledge representations
and nonlinear linkages to demonstrate various knowledge component interrelationships".
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It is discussed here that the use of social constructivist techniques (e.g., instructor
scaffolding, cooperative learning) might be one way to enhance the performance of
students with simple epistemic beliefs in complex learning environments. As Spiro, et.
al.; (1992) suggest, "some learners meet the cognitive and metacognitive demands of
open-ended learning; many others, however, do not". Combining elements of social
constructivism with cognitive flexibility might prove beneficial for those learners unable
to cope with complex processing.

Hypermedia based on CFT fall under the constructivist psychological perspective.
Constructivism calls for learners to actively participate in the shaping of their own
knowledge structures rather than passively receiving facts and concepts. Differing
perspectives on constructivism and student engagement exist ranging from mechanistic,
exogenous views of dependent learners assimilating information given them (non¬
constructivism, or instructivism) to organismic endogenous views of independent learners
who seek information on their own and accommodate it with pre-existing knowledge into
personally relevant constructs.

Constructivism embodies authentic learning tasks, encourages student voice and
ownership in the learning process, and suggests students be given experience at
knowledge construction so that they will know how to learn, not just random facts. These
principles are reflected in cognitive flexibility theory. Where CFT falls short of
constructivism, according to Jacobson (1994), is in the provision of social context and
collaboration.
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At the center of the constructivist continuum lies the social, dialectical
constructivist movement where interactions between the student, instructor, and
environment provide the foundation for learning. According to Spiro et al. (1995),
popular social constructivist approaches include cognitive apprenticeships and modeling,
cooperative learning and reciprocal teaching, and scaffolded instruction in Vygotskian
"zones of proximal development" as discussed by Berk, et. al. (1992).

Considerable overlap between these methods exists with reciprocal teaching
employing scaffolding, some cognitive apprenticeships employing reciprocal teaching,
etc. For cognitive flexibility theory to more closely match constructivist ideals, Jacobson
(1994) suggests combining social constructivist approaches with CFT as a sort of
"theoretical pluralism" that will better inform the design of learning environments. One
popular social constructivist approach is the cognitive apprenticeship model.

Cognitive apprenticeships stress the following principles: teach metacognitive
skills as well as content information; situate content in an authentic environment; model,
demonstrate, and explain processes; coach students by providing hints, prompts, and
guidance as needed; encourage students to think aloud and articulate why they are making
certain decisions; encourage students to reflect on their performance; allow students to
explore and test a variety of hypotheses; and sequence content with an increasing level of
difficulty but with a global, big picture idea of the problem state from the start as the
basis for the approach to the design of truly constructivistic hypermedia environments.
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To date, only a limited number of hypermedia environments have bothered to
integrate social constructivist ideals and collaborative activities into the overall design.
This is in spite of the fact that many hypermedia applications now found on the Internet
could benefit from an increasing array of communications options such as groupware,
listservers, electronic mail, and live audio-video connections as described by Oliver
(1997).

This study will attempt to show how Cognitive Flexibility Theory can be used to
aid the learner in understanding complex knowledge from an ill-structured domain. The
specific domain chosen is that of tornado formation. It has been found that this body of
knowledge is clouded, no pun intended, with myths, legends and misconceptions. The
categorization of these misconceptions will serve as a basis for the division of subject
groups and application of treatments.

Cognitive flexibility theory as described by Spiro, et. al. (1990) focuses on the
nature of learning in complex and ill-structured domains. As the authors state: "By
cognitive flexibility, we mean the ability to spontaneously restructure one’s knowledge, in
many ways, in adaptive response to radically changing situational demands. This is a
function of both the way knowledge is represented (e.g., along multiple rather than single
conceptual dimensions) and the processes that operate on those mental representations
(e.g., processes of schema assembly rather than intact schema retrieval)."
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The theory is largely concerned with transfer of knowledge and skills beyond their
initial learning situation. For this reason, emphasis is placed upon the presentation of
information from multiple perspectives (themes) and use of case studies. The theory also
asserts that effective learning is context-dependent, so instruction needs to be very
specific. In addition, the theory stresses the importance of constructed knowledge;
learners must be given an opportunity to develop their own representations of information
in order to properly learn.

Cognitive flexibility theory is especially formulated to support the use of
interactive technology (e.g., videodisc, hypertext, etc.). Its primary applications have been
literary comprehension, history, biology and medicine. The specific subject matter of
tornado formation is a surprisingly complex one and while most people have seen one
form in a movie or on television, the dynamics of the formation remain uncertain and
rather mysterious to many. As such, the area is rich with misconceptions, myths and
inaccuracies. Since CFT is a construedvistic theory and aims to change a person’s
conceptions, we will focus on the misconceptions that people have (or don’t have) as a
basis for delineating our test subjects.

Jonassen, et. al. (1992) describes an application of cognitive flexibility theory to
the design of a hypertext program on transfusion medicine. The program provides a
number of different clinical cases which students must diagnose and treat using various
sources of information available (including advice from experts). The learning
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environment presents multiple perspectives on the content, is complex and ill-defined,
and emphasizes the construction of knowledge by the learner.

Principles of Cognitive Flexibility Theory (CFT) are:

1. Learning activities must provide multiple representations of content. The use of a
monolithic or uni-dimensional depiction of complex and ill-structured knowledge
frequently misrepresents important conceptual facets of the domain. CFT recommends
employing multiple ways to represent knowledge in instructional activities (e.g. multiple
themes, multiple schemas, multiple analogies, multiple intellectual points of view) to
reflect more accurately the multifaceted nature of complex knowledge.

2. Instructional materials should avoid oversimplifying the content domain and support
context-dependent knowledge. A common instructional approach is to break a complex
topic into small conceptual units, have students leam these units in isolation, and then
have the students combine the units. Unfortunately, this approach tends to oversimplify
and decontextualize complex material. As an alternative, CFT recommends the early
introduction of complexity in a cognitively manageable manner that still reflects some of
the multifaceted interactions of various conceptual elements. The advanced learner is thus
prepared for a deeper explication of the knowledge with further study that is not
qualitatively different from the earlier instruction.
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3. Instruction should be case-based and emphasize knowledge construction, not
transmission of information. In ill-structured content areas, there is considerable
variability in the application of abstract concepts to actual case situations. Rather than
presenting decontextualized conceptual knowledge, CFT recommends illustrating
abstract concepts using multiple case examples to demonstrate to the learner the nuances
of abstract conceptual variability associated with ill-structured domains. In a complex
and ill-structured domain, frequently there is germane knowledge from a variety of
previously learned conceptual and case sources that is relevant to a novel knowledge
application situation. Rather than requiring the learner to retrieve from memory a single,
pre-compiled monolithic knowledge schema that may not be appropriate to a new
situation, CFT proposes that the learner assemble relevant abstract conceptual and casespecific knowledge components for a given application or problem-solving task.

4. Knowledge sources should be highly interconnected rather than compartmentalized.
CFT proposes that the demonstration of conceptual interrelationships in multiple contexts
helps cultivate a rich and flexible understanding of a complex content area. In contrast,
teaching isolated and abstracted knowledge elements may produce more rigid or “inert”
knowledge representations that limit the ability of the learner to apply the knowledge in
new situations. Jacobson & Spiro (1995) suggest students have different belief systems
"related to the acquisition and structure of knowledge," and that these epistemic beliefs
can "determine the type of cognitive resources the student accesses in performing learning
and problem-solving tasks".
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The authors tested the hypothesis that students with complex epistemic beliefs
who enjoyed active construction of knowledge via complex cases in multiple viewpoints
and representations would be more successful with cognitive flexibility hypertexts.
Students in an experimental condition receiving a cognitive flexibility hypertext treatment
and who were tested to have complex epistemic knowledge averaged higher scores on a
transfer-related, problem-solving essay task than students in the same treatment with less
complex epistemic knowledge.

Turning now to the characteristic that has led, above all, to the enthusiasm for
using computers in support of learning we must consider the case for multimedia. Taking
advantage of the graphic and sound capabilities of modem desktop machines, using
processing power to generate simulated microworlds, and integrating some of the
potential of digital video, now allows the creation and delivery of vivid interactive
courseware. One well-known example of this is Palenque as described by Wilson (1988).
Palenque is a discovery learning system in which the learner is able to explore all the
paths of an ancient Mayan site.

As the user travels through the site a multimedia database in the form of a
museum provides moving video, stills, audio and text about the rainforest, the Mayans,
maps of the area, and glyph writing. What characterizes Palenque is the variety of
methods and media the user is offered for accessing the knowledge. The components are
video overviews; surrogate or virtual navigation; a multimedia database; characters as
experts and guides; simulated tools; and games. The interface in Palenque employs visual
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menus and dynamic icons, spatial and thematic navigation, and a simple input device.
The virtual travel around the Palenque site can be regarded as a main menu for an
exploratory mode in which various options and subprograms are distributed spatially at
meaningful locations. Icons represent such options as branch points in travel, available
pans and information zooms, and narrations.

It seems self-evident that multimedia will support more effective learning, but as
with our examination of the "hyper" idea, a closer consideration of the arguments and
evidence begins to raise some doubts. The combination of media in displays, particularly
the high resolution, color, full-motion video with speech variety carries with it a
vividness that cannot be questioned. However, Taylor and Thomson (1982) attempted to
pin this down in a comprehensive review of work on the "vividness" effect. Their
conclusions were surprising:
"Everyone knows that vividly presented information is impactful and persuasive.
There is one problem with this self-evident proposition. The available evidence suggests
that it is not true".

The research failed to show that concrete descriptions have any greater impact
than dull ones; that pictorially illustrated information is more effective than that which is
not illustrated or that videotaped information has more impact than oral or written. One
can react to this negative conclusion by rejecting the validity of the research.
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However, the authors make the point that vividness can never be simply a
function of the presentation. The impact will always depend on an interaction with user
characteristics. There is no evidence, for example, that a more "vivid" experience is a
more memorable one, if by "vivid" we mean some combination of characteristics of the
presentation. Vividness is entirely "in the eye of the beholder".

The fundamental point here is that as learners we are not easily enticed by surface
aspects of information, and the attempt to use computers to somehow make the learning
experience more attractive or more palatable is doomed to failure. Information that is
poured into the learner’s head through the "Numberg Funnel" described by Carroll (1990)
is only likely to be better learned as a consequence of being presented through multimedia
if it is thereby better understood. Hypermedia or multimedia will therefore be successful
to the extent that they promote better understanding. At first sight there seems something
almost contradictory about the idea of a hypertext system posing as computer-aided
learning (CAL). After all, the essence of hypertext is that users are entirely free to follow
links wherever they please. The basic assumption upon which most of the CAL tradition
has been based is that the principles of programmed instruction or generative CAL
provide an automation of the most essential step of giving the learner, at an appropriate
moment, the next piece of information to learn or the next problem to try.

Underlying the way in which learning materials are sequenced will be a principled
pedagogical strategy. Hypertext-based instruction, on the other hand, seems to offer the
learner almost complete control over learning activities, particularly over the choice of a
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route through the learning material, and thereby seems to relinquish fundamental
responsibility for the learning process Mayes, et. al. (1990).

There is even more of a contrast with intelligent tutoring methods discussed by
Wenger (1987). Most of the difficulties of that enterprise such as the problem of
developing a suitable representation both for the domain knowledge and for the student
model, to say nothing of the problem of developing pedagogical techniques to ensure that
the individual learner is provided with the right material at the right time, are simply
bypassed by handing responsibility for almost all decision making to the learner.

Finally, McManus (1995) sums up the effacy of hypermedia as opposed to more
traditional learning materials, “Hypermedia can deliver video, but not as quickly as
videotape, television or CD-ROM. It can carry real time personal interaction, but not as
well as telephone or video conferencing. It can display textual information, but not as
usefully as a book or magazine. Why then should hypermedia ever be used? It combines
advantages of other media so that it conveys video and sound better than a book, is more
interactive than a videotape and, unlike a CD-ROM, when connected to the Internet, it
can link people around the world cheaply. This sort of immediate access to a vast array of
information and resources can not be found with any other medium”

CAL systems based on hypertext are rightly called learning systems, rather than
teaching systems. Nevertheless, they do embody a theory of, or at least an approach to,
instruction. They provide an environment in which exploratory or discovery learning may
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flourish. Beeman, et. al. (1987) suggests that by requiring learners to move towards non¬
linear thinking, they may also stimulate processes of integration and contextualization in
a way not achievable by linear presentation techniques.

What distinguishes the appearance of a hypertext learning system from that of any
other structured browsing and retrieval system is that the former usually provides a range
of tools that considerably extend the basic navigation facilities.

Beeman, et. al. (1987) describes the most extensive attempt to develop hypertext in this
direction is Brown University’s Intermedia project. In fact, when learners simply follow
the links offered in a passive way there is little reason to suppose that learning is any
more effective than that from an old-fashioned branching program in the programmed
instruction tradition. Intermedia seems to have demonstrated that a rich and extensive use
of hypertext, with a carefully designed interface for the author as well as for the learner, is
capable of providing a successful environment for various kinds of learning activities.

A reasonable interpretation of the evaluations, however, might be that such a
system promotes effective learning only in so far as the users are engaged in actively
making their own connections and integrations at the conceptual level. One might point
out that, thirty years ago, the authors of programmed texts probably benefited in a similar
way from engaging their subject matter at the level of detailed structure. There is no
evidence here that simply navigating around the fixed links in Intermedia provides
effective learning.
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Perhaps the system that best exemplifies this class of CAL based on the provision
of specific guidance tools built on top of a hypertext network is the HitchHiker’s Guide.
The principle espoused here is that of extending and tailoring basic hypertext facilities,
not only with the fairly standard aids to access, such as browsers, but also with tools that
help the user to explore the material conceptually, such as guided tours, indexes, and
quizzes.

The success of this system may also be due in no small measure to the care that
has gone into the design of the interface. The learner is offered the consistent metaphor of
a travel holiday to guide the exploration of the underlying instructional material.
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CHAPTER E.
METHODS

The research for this study is based upon the implementation of CFT to bring
about conceptual change in areas of knowledge where there is a non-linear progression of
information. In cases such as these, the traditional linear, disconnected tools of learning
such as books, films and still pictures tend to fall short of describing these highlyconnected, non-linear domains. Therefore, the usage of CFT-based hypermedia to allow
navigation through these ill-structured clusters of information is employed.

Overall Goals of the Instructional Interventions

Insight4 (?), n. 1 : the power or act of seeing into a situation : PENETRATION 2 : the act
or result of apprehending the inner nature of things or of seeing intuitively synonym see
DISCERNMENT. Also, “the combining of perceptions into meaningful wholes.”
(Merriam-Webster 1997 unabridged dictionary)

The above definition is the basis for cognitive flexibility theory and this study.
This study will investigate the use of this theory to direct browsing in the context of a
hypermedia representation of an ill-structured domain of knowledge, especially in light of
a more traditional treatment of the subject matter which will also be administered.

The thrust of the study is two-fold: to mitigate student misconceptions (the “aha!”
factor) and to provide a greater, more substantial understanding of the subject.
Specifically, the hypothesis for this study can be delineated as follows:
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Hypothesis
Employment of the principles of Cognitive Flexibility Theory in a hypermedia
learning environment that directs browsing of the dynamics of tornado formation will
improve learning and transfer of complex knowledge of the subject matter and initiate
conceptual change.

Misconceptions and Target Concepts

The study began with the application of a pre-test to determine the current
knowledge that the subjects have concerning tornado formation. The pre-test was
comprised of the following statements:

1.

Describe how a tornado forms.

2.

Draw the stages of the formation of a tornado.

The goal of this pre-test is to derive the student’s current correct knowledge of the subject
matter as previously stated, but also to divulge any misconceptions about the subject that
person may harbor. After extensive discussion with eminent meteorologists from
universities, federal agencies and yes, television stations, the misconceptions that many
people have about this subject matter can be categorized thusly:
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Misconception Grouping 1 - The “Internal” Group: A misunderstanding of the internal
dynamics of the phenomenon such as...
“I am doing a report on tornadoes and I am very confused
on how a tornado forms. My teacher says that there is an updraft
in the center which causes the low pressure and another source
tells me that the tornado is near the updraft. Can you please
tell me which one is correct and why it is correct?” Ginger (1997)
or
“Some students think if there is not a visible funnel cloud, the tornado
does not exist. Also most students believe that tornadoes must only
rotate counter-clockwise.”

Misconception Grouping 2 - The “External” Group: A misunderstanding of the external
dynamics of the phenomenon such as...

“ Tornadoes form because of “converging air masses”.” Somewhat true but highly
misleading to point that it could be considered a misconception.

Also, this misconception can take the form of “ ... tornadoes form because they
pass over rough terrain which make them swirl.” Satterfield (1997). This can show an
attempt at understanding the rotation of a tornado and it even belies an understanding of
the beginning as a horizontally spinning air mass. This oversimplification implies that
terrain alone causes the rotation when in fact any rotation caused in this way will rapidly
die down since there is no sustaining force.

Misconception Grouping 3 - The “Similarity” Group: A misunderstanding relating to
trying to draw an analogy from an observable, slightly related phenomena such as...

23

“...I now live in El Paso, Texas where we have many "dust devils" that whirl and look
sometimes like small tornadoes. Some of our little ones think that they are tornadoes...”
Shaffer, S. (1997)

Finally, the subjects who did not exhibit any misconceptions, were placed in a
group known as “regulars”.

For there to be any importance to these misconceptions, there must an accepted
theory of how tornadoes actually form. Even now after much study and investigation, no
one knows exactly how a tornado forms but there is a theory that is currently the most
widely accepted one. It is upon this theory we will base our decisions of what is and is not
correct; what is or is not a misconception.

With all of the research on the creation of storms and the well-known process of
thunderstorm creation, and mesocyclone (spinning columns of air) creation the
explanations stop at tornado genesis. Why? Tornadoes come from supercell cloud
formations (a highly organized structure characterized by continuous, strong updrafts and
rapidly changing winds - both in direction and strength).which are aptly suited to produce
and maintain tornadoes. Tornadoes form within the supercell and are therefore not
directly seen. But the tornado we see, the one that touches ground is NOT immediately
caused by the supercell. The supercell provides the vehicle.

Have you ever rotated a spoon in a large cup of water? If you have you have
noticed the drop in the middle. This example is often used to explain how a tornado
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forms. The rotation causes the center to drop down. The experiment is not very scientific,
though. The pressure above the glass is the same as the pressure below the glass. The
energy contained in the glass must remain the same regardless of its motion. So the
rotating water expands at the top, rising up, and drops in the middle (pressure within the
energy falls) to make it appear to be like a tornado. But it is not.

Now imagine that you have filled a large round tub with water. Start spinning the
entire volume of water with a large stick. Don’t spin too fast. Just fast enough to cause the
volume of water to rotate within the tub. This is like the mesocyclone rotation of a storm
system. It rotates counter- clockwise in the northern hemisphere and clockwise in the
southern hemisphere. After the water is rotating, puncture a small hole in the center of the
bottom of the tub.

The hole represents the pressure at ground level of a storm system. If the pressure
is small it will drop water through it is a small stream. The hole is a low pressure point at
the bottom of the rotating volume of water. But if the hole is slightly larger it will begin
to suck the water out of it. If the hole is helped along in its task by the pressure in it being
much lower than the pressure of the water the water will drop down faster. And the
rotation will increase to attempt to retain the same level of energy. This IS similar to the
formation of a tornado.

A wall cloud, or a lowering of the cloud base in a specific area of a supercell is
usually seen prior to tornado development. Why? The cloud base lowers as the pressure at
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ground level pulls it down. This is the first step indicating that a ground level lower
pressure zone is present beneath the supercell.

Winds blowing from different directions at different altitudes and speeds, cause
the air around it to begin rotating horizontally. When this horizontal column of air meets
one of the strong updrafts, it can become twisted and bent upward. This mass of rotating
air is known as the mesocyclone. It starts at ground level. Whether there is rotation in a
system or not there is a stable level of energy to the storm.

Once the storm begins to rotate the energy level begins to increase. According to
the Bernoulli Principle of physics (discovered in the 1700’s and accepted as experimental
fact ever since) it must remain constant. The only remaining potential to keep the energy
level constant is for the pressure within the system to drop. It is the same principle that
proves itself every day in the lifting of an airplane and the throw of a curve ball.

As is the case with any other system the storm will take the path of least
resistance. The lower pressure has least resistance upward where the pressure is already
lower. So the storm climbs. The faster the mesocyclone rotates the more the pressure
must be balanced with the remaining energy level. So the center of the over-shooting top
dome of a supercell is the lowest pressure of the system. It seeks the path of least
resistance. Which is upwards toward the lower pressure of upper atmosphere. Within that
center of the storm is a brewing very low pressure zone. The higher the storm system goes
the more the rotation must increase at that height to sustain the energy level of the system.
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But the storm, the cloud cover itself, is not the only part of the storm system. The
mesocyclone is still being fed by near ground level horizontal wind. At the point where
the wind is bent upward the system divides. The supercell has a life that is intertwined
with the ground level mesocyclone. As the height of the storm increases the pressure of
the mesocyclone at the ground decreases which increases the rotation of the near ground
level rotation which further increases the wind shear speed which further decreases the
supercell’s pressure etc. When the pressure at ground level is below the pressure at the
mean center point of the storm the wall cloud is pulled down to meet the top of the near
ground level pressure. This is the first step in the creation of a tornado.

Warm air has met cooler air. We know that warm air rises. When it does it reaches
cooler air and condenses to form clouds. When that happens quickly it is an updraft. The
updraft seeks the path of least resistance and grows higher and higher. Sometimes, winds
in the upper atmosphere are not rotating in such a small pattern as the cloud cover. The
effect of those winds is to create a pushed section of the cloud cover, often heading
northeast, which forms a shape that looks like an anvil. The density of the cloud cover is
pushed ahead of the storm making rain fall ahead of the lowest pressure point of the
system. The clouds near the lowest pressure point are mostly rain free. Along with the
anvil shape those upper level winds grab a hold of the supercell and push it along its path
of motion.

27

That forward motion is comprised of momentum. The energy level of the
movement. As we also know from accepted physics principles an object in motion tends
to remain in motion unless disturbed. What that principle does not address is the
momentum of the moving object. Just because the object may be slowed down in its
forward motion does not mean the momentum, the power that is pushing the system
along is also reduced. As the storm system (including both of its parts, atmospheric and
ground) is pushed ahead the forward motion of the system becomes a stable level of
energy.

When the forward motion is disturbed, either by another front or opposing winds,
the momentum is not stopped. So as the system can not move forward it must move
laterally. Its rotation, at ground level is increased (if the competing front or opposing
winds are conducive to an increase (at the correct angle of approach). This increased
ground level mesocyclone feeds the atmospheric part of the storm as it increases in
rotational speed and decreases in barometric pressure.

This decrease in barometric pressure centers upon a point at or near ground level
that is the new path of least resistance for the dropped wall cloud. The wall cloud seeks to
meet it. A funnel shaped structure of cloud base is pulled to that new lower pressure
point. This is the tornado’s birth.

As the new tornado reaches down to its invitation it follows the point of lower
pressure. That point will move causing the tornado to swing from one side to another in
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what appears to be no relative sense to the storm system above it. It is the connection
point between the two halves of the supercell storm system.

When the ground or near ground level pressure increases, the tornado will appear
to be sucked up into the cloud or it will collapse into air as the new path of least
resistance is the old path of the storm itself.

While this explanation is accurate, it is rather extreme to expect the average
middle school student to reiterate such complexity. While this yardstick will be used to
measure by, the acceptable responses must be somewhat more simplistic.

Measures
The intended audience is subjects in the formal operational phase of development;
approximately middle school. It is intended that a substantial but equal number of
subjects will be shown one of the two versions. Via the use of a post-test (identical to the
pre-test), their degree of understanding can be estimated. The measure of learning is the
conceptual change that has occurred. Of course, this must take into consideration what
misconceptions were initially present.

The following terminology will be used. When a student’s post-test answers show
a tendency towards the currently accepted explanation of the phenomenon and away from
their pre-test misconception(s), a conceptual change has occurred. The magnitude of
conceptual change is directly proportional to how much the student tends toward the
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currently accepted explanation of the phenomenon in spite of an ingrained
misconception(s). That is, the greater the misconception, the greater the conceptual
change as the student tends toward accepting and incorporating the currently accepted
explanation.

Treatments
Subjects are directed to enter the website in one of four entry points ( Appendix
A). One for each of the misconception groupings and the other for students who don’t
seem to fall in any group.

Each of the entry points direct the student’s browsing of the site; the entry point
for students not affiliated with a group will allow them to browse the site at their own
direction. In one, a hypermedia presentation will show in detail the sequence of events in
the creation and maturation of a tornado as well as case studies and facts to refute
misconceptions and enforce proper notions. Included will be force lines showing the
direction and speed of the wind in the tornado as well as color-coded indicators of
pressure and pressure gradients. Case studies are presented, one of which is the rather
well documented Pampa, TX tornado. Supplemental textual explanations will be
available throughout the presentation. After the presentation, the subject will take the
post-test.

Appendix N contains many of the graphics that the subjects view in the course of
navigating the website. The external entry point is where the students in the
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aforementioned external grouping begin. At this point, the student is informed of their
apparent misconception. They are allowed to agree or disagree. If they disagree, they were
directed to the “internal” thematic path. If they agree, on the next page they are shown a
series of graphics and supplemental text which describes a tornado which struck Pampa,
TX. This tornado formed and moved over terrain that was relatively devoid of structures,
rugged terrain and other irregularities setting up a dissonance within the subject. Figure
N1 depicts the tornado as it is emerging from the thunderstorm from which it was
spawned. This graphic is important in that it provides the subject with the rare view of a
tornado that is not fully developed. This gives the subject an understanding of the full
sequence of events that contribute to the lifespan of a tornado.

Figure N2 shows the next phase of a tornado’s formation where the swirling
column of air begins to come in contact with the ground. This graphic provides the
subject important insight to the storm’s formation by viewing it as it just touches the
ground and begins interacting with it. A specific point to be gleaned from this is that the
partly developed funnel is not fully visible due to the small amount of debris ingested
even though there is sufficient power at this point to do considerable damage. As the
sequence progresses, figure N3 shows that while the funnel is more developed it is
flexible enough to be deformed away from a rigid funnel. This combination of flexibility
and power is what allows a tornado to create so much destruction in a relatively short
period of time.
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Figure N4 depicts the tornado in it’s fully mature phase with a well-defined
classic funnel shape. The important point that the subject can glean from this is that while
the funnel is well-defined, it also has a large cloud of swirling debris along it’s length as
well as at the point where it touches the ground. This is important because it shows how
the circular speed of the funnel has increased and can pull objects into it all along it’s
length. After having seen this sequence, the subjects were again asked as to whether they
still feel external forces largely contribute to the formation of tornadoes. As before if they
disagree they will be directed to the internal path.

If they disagree they will be shown maps of Colorado and Wyoming (figure N5)
on which are drawn tracks of tornadoes that have occurred in those states over a period of
thirty nine years. The maps show that rugged terrain doesn’t necessarily produce a lot of
tornadoes. The subjects are also shown a map of Kansas within it’s flat terrain yet high
number of tornadoes (figure N6).

The subject is then directed to series of facts about tornado formation which
include graphics which provide a macro level understanding of the phenomenon (figure
N7). From this perspective, the subject gains an understanding of how a comparatively
small, localized weather phenomenon is in fact closed to large masses of air interacting
with each other hundreds of miles away. This is the final piece of the visible portion of a
tornado’s life. The subject has been exposed to the creation process from the macro
through the micro level and can see how not only the relationship between the two, but
also their interdependency. Progressing further through the site, the subject is treated to a

32

more formal explanation of this phenomenon. Finally, they are shown an animation
which shows the formation of a tornado with it’s specific stages of formation.

The internal entry point is where the students in the aforementioned internal
grouping begin. Initially, the student was informed of their apparent misconception. As
with the external entry point, they were allowed to agree or disagree. If they disagreed,
they will be directed to the “external” thematic path. If they agree, they will shown a
textual report of a well documented and long-lived tornado which struck Louisville, KY.
This report describes in detail how the tornado . This tornado formed and moved over
terrain that was very rugged and had other irregularities setting up a dissonance within the
subject since they thought that internal factors are the primary tornado generators. They
are again asked as to whether they still feel internal forces largely contribute to the
formation of tornadoes. As before if they disagree they were directed to the external path.
If they disagree, the subject was then directed to series of facts about tornado formation
and then a more formal explanation of this phenomenon. Finally, they were shown the
animation depicting the formation of a tornado with it’s specific stages of formation.

The “similarity” entry point is where the students who perceive tornadoes are
closely related to other spinning meteorological phenomenon. The subject was then
shown text and graphics of each of the supposed related phenomenon. Specifically, dust
devils, waterspouts and firewhirls are described and discussed.
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While each does spin and look somewhat like a tornado, each is formed in a
different manner than a tomadic storm. If dust devils are selected a photograph and
supporting text is shown to the subject. The selected photograph (figure N8) depicts a
mature dust devil in it’s natural environment. This picture is important in relaying the
specific differences between the two disturbances. First, the dust devil is not emerging
from the dark clouds surrounding a thunderstorm from which it was bom. In fact there are
no clouds at all. Second, the dust devil does not possess the tornado’s classic funnel
shape. It instead has a mainly cylindrical shape reminiscent of the very early phase of a
tornado. Finally, as it’s name implies, the dust devil is comprised mainly of dust and bom
in a hot, dry environment.

If firewhirls are selected, the subject sees a photograph of this phenomenon in it’s
mature stage. The important idea from this picture (figure N9) is that unlike a tornado, the
firewhirl is made mainly of smoke and other debris from the fire that created it. The fire
creates thermals and strong cross currents of air that create the firewhirl. Also, there is no
cloud of debris surrounding it’s length since the thermal that is the main driver of it’s
creation emanates from the ground and grows up. Tornadoes grow down from it’s base
cloud.

Finally, if waterspouts are chosen the subject is presented with a sequence of
photographs and accompanying text which describe this water-borne disturbance. Figure
N10 depicts a waterspout that is reaching down from it s base cloud. This is a situation
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where the accompanying text acts to avoid any misconceptions that can arise from the
limitations of a single photograph.

The possible misconception can arise from the fact that like a firewhirl, a
waterspout is caused by cross currents at the surface. These cross currents maintain a
swirling column of air that extends toward the base cloud from the surface. This is in
direct opposition to tornado formation. Research has determined that waterspouts are the
end product of a number of interacting forms of motion that produce a cascade of energy.

When a patch of air just above the sea surface becomes heated and rises, the
resulting pressure differential causes the surrounding, slightly cooler, air to spiral inward,
forming an eddy, much as a land-bom dust devil. Over warm water the abundant water
vapor at the sea surface adds to the latent heat of condensation. And because water vapor
is lighter than dry air, the steep water vapor gradient that is present helps carry the
original spiraling eddy skyward. Though a parent cloud need not be directly overhead,
there is always a cloud system or cloud mass nearby, coupled with strong air currents that
frequently produce a downward moving funnel.

Figure Nil shows how the waterspout has matured into a continuous column of
water vapor stretching from cloud to surface with a swirling cloud of vapor on the
surface. Figure N12 shows the final stage of a waterspout with more water absorbed and
the classic funnel shape which may lead people to mistakenly believe that the mechanics
of waterspout and tornado formation are identical. The subject is then directed to a series
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of facts about tornado formation and then a more formal explanation of this phenomenon.
Finally, they are shown the animation which depicts the formation of a tornado with it’s
specific stages of formation.

Finally, students who do not show the presence of any type of misconception were
called “regulars” and allowed to freely explore the site and enter it at any point. Subjects
who fell into this category were exceedingly rare and were statistically insignificant.

As previously stated, all subjects upon completion of the hypermedia links in the
website are directed to the animation. This animation is a critical piece in understanding
the entire sequences of events that lead to tornado formation. While the previous portions
of the treatments showed the subject how a tornado forms it is only representative of the
part that is directly observable. The animation displays what happens between the time
the large different air masses of figure N7 combine and the time it becomes visible as in
the example of the Pampa, TX tornado.

The Shockwave animation presents the mechanics of tornado formation that
occurs in the base clouds before the tornado starts to reach towards the ground. Figure
N13 starts off the animation with lines that show the direction of criss crossing air
currents. These air currents exert some friction on each other as they pass causing a
swirling motion.
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Figure N14 depicts the result of this friction as a swirling horizontal cylinder of
air. As momentum increases and the density of air in the cylinder becomes greater the
cylinder takes on a more substantial form as seen in figure N15. At this point the rolling
cylinder is still horizontal. A mechanism in the form of strong updrafts from a nearby
thunderstorm allows the horizontal cylinder to become vertical. Figure N16 shows the
updraft beginning to raise the horizontal cylinder to the vertical.

Figure N17 depicts the cylinder almost vertical. That allows the cylinder to drop
to the ground and begin to pick up debris which adds to it’s mass which makes the
cylinder visible. Due to the conservation of angular momentum, figure N18 shows that
the cylinder is taking on a more funnel-like shape. Since the air is filled with more
material, the cylinder is more massive and the laws of physics dictate that it must spin
faster. In figure N19 the tornado has reached a mature stage with a true funnel shape and
reaching from cloud to ground. The last stage of dissipation will occur when either the
atmospheric conditions fail to provide it with adequate energy or the amount of mass
within itself decreases sufficiently. This stage while it most certainly occurs, has rarely
been seen.

The hypermedia presentation will satisfy the CFT principles as follows:
Learning activities must provide multiple representations of content. —
Throughout the traversal of the hypermedia site, the subject will be provided with
numerous pieces of text (largely anecdotal) and graphics all describing the same tornado.
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Instructional materials should avoid oversimplifying the content domain and
support context-dependent knowledge. - The hypermedia presentation will display the
subject matter to the student with numerous facts of the specific tornado instance together
to avoid oversimplification. However, the treatment will maintain the facts of a particular
tornado separate from others to avoid confusion to the student or enforcement of
misconceptions.

Instruction should be case-based and emphasize knowledge construction, not
transmission of information. - The hypermedia presentation will present information as
self-contained cases; hence the assertion for the last point as to the avoidance of mixing
facts of different tornadoes. Also, the presentation of knowledge in well-defined cases
should avoid the transmission of information and emphasize it’s construction.

Knowledge sources should be highly interconnected rather than
compartmentalized. - As seen in the traversal map of the hypermedia site, the knowledge
presented is compartmentalized to adhere to the presentation of facts as separate cases.
The user will be allowed to traverse the site not only in the threads defined as the entry
point based on the type of misconception held but also to traverse between threads (e.g.
criss-crossing). The threads also map into the CFT notion of themes to provide the same
knowledge not only in cases but also across themes. Finally, the traversals that the student
takes at the site will be captured.
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As previously mentioned, the more traditional treatment will be comprised of
reading passages from meteorological textbooks and associated photographs and a
description of the true formation theory.

Pilot Study. A pilot study was conducted with students of Parker Middle School in
Chelmsford, MA. acting as study subjects. As previously mentioned, the students were
divided into groups based upon their apparent misconceptions as detailed in their pre-test
answers. The environment in which the pilot work was conducted was the computer lab
in the Parker Middle School in Chelmsford, MA. Hardware consisting of PCs running
Microsoft Windows and Netscape was employed. The web pages that were viewed were
created with HTML Assistant Pro and the images included were taken from various web
sites with permission of the webmasters.

Forty-nine students of ages 13 to 14 were utilized in this study. All students had
roughly the same level of exposure to computer technology with a roughly equal number
of males and females.

At first glance, the information gleaned from the pre-test, traversal page and post¬
test obtained from each student indicated a liberal sampling of the various misconceptions
discussed above. Further analysis explored the relationships between initial
misconceptions, entry point and any conceptual change. The possible types of responses
and their associated meanings are delineated in table 1:
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Table 1 Response Types and Associated Meanings

Conceptual Change

Meaning

Correct to correct

The student’s pre-test and post-test showed a basic but reasonably correct
assessment of the mechanics of tornado formation. Also, their traversal
form showed that the site portions visited either reinforced or did not
impact their initially correct ideas.

Incorrect to incorrect

The student’s pre-test and post-test showed a decidedly incorrect
assessment of the mechanics of tornado formation. Their traversal form
showed that the site portions visited either reinforced or did not impact their
incorrect ideas.

Incorrect to correct

The student’s pre-test showed an incorrect concept but their post-test
showed a correct assessment of tornado formation. Their traversal form
showed that the site portions visited had a ‘positive’ impact upon their
conceptual grasp of the subject matter in that their incorrect concept was
replaced by a more correct view i.e. they were ‘convinced’ otherwise.

Correct to incorrect

The student’s pre-test showed a correct concept but their post-test showed
an incorrect assessment. Their traversal form showed that the site portions
visited had a ‘negative’ impact upon their conceptual grasp of the subject
matter in that their correct concept was replaced by a more incorrect view.

A large amount of data was obtained from the pre-test, traversal page and post-test
that each participant produced. While the pre and post-test responses represent the
endpoints of the student’s conceptual understanding i.e. the “what”, attention is also paid
to the traversal form that is, the “how”. While sixty-seven students originally took the
pre-test on May 27, 1998, only forty-nine student results were ultimately used. This is due
to students either being absent for the site exploration exercise on May 29, 1998 or the
post-test on June 10, 1998.

What were needed were as many unbroken conceptual sequences as possible. The
reason for the lag of time between the above events was so that the student s performance
on one event would not effect that of any other event. Only their unbiased, genuine
thoughts on the subject were desired. The raw results are depicted in table 2.
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Table 2: Conceptual Changes and Associated Entry Points
Conceptual Change

Entry points

Correct to Correct
32.6% of all participants

6
8
1
1

Regulars (33% of all regulars)
Externals (35% of all externals)
Internal (16% of all internals)
Similarity (50% of all similarities)

Incorrect to Incorrect
26.5% of all participants

2
7
3
1

Regulars (11% of all regulars)
Externals (30% of all externals)
Internal (50% of all internals)
Similarity (50% of all similarities)

Incorrect to Correct
40.9% of all participants

10 Regulars (42% of all regulars)
8 Externals (35% of all externals)
2 Internals (32% of all internals)
1 Similarity (50% of all similarities)

Correct to Incorrect
0% of all participants

None

In examining the relationships amongst the above data, the four types of entries
into the site seem to be fairly evenly distributed amongst the first three conceptual change
groups. The most striking (and reassuring) aspect of the study is that no participants fell
into the correct to incorrect group. Therefore, the website did not take originally correct
ideas and steer the student to an incorrect viewpoint.

Additionally, from the comments the students wrote on their traversal forms, they
indicate that the website in general helped them to change their conceptual viewpoint of
the subject matter positively. For the most part, students stood within their thematic path
indicating a firm commitment to their original misconception. However, the fact that they
in large part changed their understanding of the formation of the phenomena, attests to the
basic aid of CFT to bring about conceptual change.

Some portions of the site did pose problems and could have been
counterproductive. Specifically, the students did point out that some pages that were
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largely textual were tedious to get through and in some cases were skipped over
completely.

Also, some images were not as clear as they could have been and did not retain
the student s attention as desired. With students of this age group being so visually
oriented, the engaging properties of images must be maximized. Additionally, the
QuickTime movie on the laptop should be replaced with an animation that emphasizes
the true mechanics of tornado formation.

Most students fell into either the external or internal misconception groups with a
comparatively smaller number in the similarity group. The paths that the subjects were
allowed to traverse in the site were as detailed above and are seen graphically in
Appendix A. The actual paths taken by the subjects are shown in Appendix F. The results
of the pilot study were encouraging as detailed in the Table 3:
Table 3: Conceptual Changes in the Pilot Study

Conceptual
Change
Percent of
Students

Correct
to
Correct
32.6

Incorrect
to
Correct
40.9

Incorrect to
Incorrect

Correct to Incorrect

26.5

0.0

Initial analysis of the results show that while 26.5 % of the subjects still
maintained an incorrect conceptual understanding, 40.9% had a conceptual change that
moved from incorrect to correct. Additionally, 32.6% of the subject maintained their
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correct understanding of the phenomenon and most encouraging was that none of the
subjects went from a correct understanding to an incorrect one.

Study Proper. The last portion of the study aims to improve upon and show a
different aspect of the website usage than that of the pilot.

In the pilot study, the subjects were divided into three groups based upon their
pre-test answers. Three groups reflected the subject’s misconceptions about tornado
formation. One group was comprised of subjects who thought that tornadoes were created
due to a purely external force(s). Another group believed that tornadoes were brought
about by internal force(s) and the third group believed they were created in a manner
similar to that of other meteorological phenomenon.

Each group entered the hypermedia site through different entry points dependent
upon their misconception and was given counter-examples as they progressed through the
site. (Appendix B)

As they encountered the counter-examples, they had the opportunity to explore
other possible methods of tornado formation i.e. the external group might think that an
internal explanation was more correct just as the similarity or internal groups might
change their conceptualization to one of the other possibilities. They were all then given
the currently accepted explanation and saw an animation that reflected this explanation.
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The purpose of placing counter-examples along the thematic paths is twofold.
First, they allow for a conceptual change along the path that reveals the approximate point
at which the subject’s understanding of the phenomenon was altered. It indicates which
portion of the website triggered this change.

Without these counter-examples, the point of change would be indeterminent.
One of the main concerns in developing the website was that the inclusion of an
animation with it’s ability to visually depict the subject matter would overpower the other
portions of the site. If this was the case, the only portion that the subjects needed to see to
achieve a conceptual change was the animation. The fact that the change occurred in a
large number of cases helps to validate CFT’s focus on case studies and carefully sized
pieces of information for the construction of the correct understanding.

A major difference from the pilot study was that the counter-examples were
reversed. That is, the external group was given an internal counterexample and viceversa. This is the second purpose of placing counter-examples along the thematic paths in
that while the placement of counter-examples in the pilot study showed their power to
affect conceptual change, the reversal of the counter-examples should help to reinforce
the subject’s misconception. While this sounds counter-productive to achieving a positive
conceptual change, the impact of this re-enforcement is to increase the difference between
the subject’s perception and the accepted explanation. In doing so, the potential that the
subject will experience dissonance will be increased and the probability of a change to the
proper understanding of the subject matter will be enhanced.
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As can be seen in table 4, the external subjects who went from an incorrect to
correct concept and maintained their position on the external thematic path greatly
outnumber those who changed paths (varying percentages). As to the internal subjects,
those who went from an incorrect to correct concept and maintained their position were
about equal to those who changed paths.

Table 4 Pilot Study Conceptual Changes by Misconception Grouping

N=49

External

Internal

Similarity

Reqular

Incorrect to Correct

26.33%

14.08%

2.04%

0.00%

Correct to Incorrect

0.00%

0.00%

0.00%

0.00%

Incorrect to Incorrect

14.29%

10.17%

2.04%

0.00%

Correct to Correct

16.33%

2.04%

2.04%

12.19%

This reduced contrast is probably due to the fact that the internal counter¬
examples are not as strong as the external ones. Specifically, the external misconceptions
grouping was appreciably larger that the internal group due to the fact that tornadoes are
very intense, short-lived phenomenon. This brevity and intensity allow for little time to
investigate the internal workings of a tornado while external structure and associated
environment are much more measurable and quantifiable.
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Recent theatrical movies that show scientists placing instrumentation into a
tornado to measure it’s internal structure are based on fact but the real scientists are not
nearly advanced as their fictional counterparts. Thus, the counter-examples for the
internal path are somewhat weaker than the external ones. Further study of the tornado’s
internal workings will allow for stronger counter-examples. The similarity group omitted
in this phase of the study since similarity group members were non-existent.

The similarity group of the first study part was comprised of subjects who had a
collection of loosely related misconceptions which were hard to categorize and therefore
difficult to assess any substantial conceptual change. Therefore, unless a drastic
difference in the composition of the similarity group occurs this group will be omitted
and replaced by the control group.

The paths that the subjects will be able to navigate through are detailed in
Appendix B. Before becoming eligible for participation in this study, the subjects were
advised of their rights as willing participants. They were required to obtain a parental or
guardian signature on a consent form approved by the School of Education (Appendix C).

In the spring of 1999, a request was made of Parker Middle School in Chelmsford,
Mass, for students to participate in the next phase of the study. Parker Middle is the same
school used for the pilot study subjects. As with the pilot study, this portion would
require the subjects to complete a pre-test of their initial knowledge of the subject matter.
They would then take the treatment starting at an entry point determined by their
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perceived misconception and then take a post-test (identical to the pre-test) to determine
their current knowledge and any conceptual change due to their exposure to the treatment.

The treatment that this group receives is essentially the same information as the
previous groups but with some important differences. First, the subjects would be allowed
only to enter through either the internal or external points as the number of subjects who
previously directed to enter via the similarity point was determined to be statistically
insignificant and felt to adversely effect the nature of the data produced.

The student results of the pre-test produced a roughly even split between the
internal and external entry points. Unfortunately, only eight Parker students took part in
this phase of the study. Nevertheless, some interesting data was extracted from this group.
As can be seen in Appendix D, the subjects fell largely into the external misconception
group. A further analysis shows that of the major phases of tornado formation, a majority
of subjects understood and retained the ideas of a horizontal rotating cylinder being
pulled into a vertical position by a thunderstorm’s updrafts and the metamorphosis of the
cylinder into the classic funnel shape.

Conversely, a minority of subjects displayed the retention of the actual formation
of the rotating horizontal cylinder with no subject discussing the final phase, that of
deterioration of the tornado. In spite of these findings, of the eight subjects five had a
conceptual change from an incorrect interpretation of the phenomenon to a correct one.
The remaining three subjects maintained an incorrect understanding.
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Due to the low number of Parker students participating in this phase, a search was
instituted to locate another school system that had administration, faculty and students
willing and available to participate. Initially, it was hoped that a middle school could be
located to keep the subjects within the same educational level as those at Parker.
Unfortunately, no school systems that were approached were able to provide subjects.

Therefore, it was decided to include high school freshmen (ninth grade) to
participate as they are within the same basic developmental stage as upper-level middle
school students. To this end, a request was made to Amherst Regional High School’s
science department for the use of some of their students. Initially, the lead science
instructor was willing to provide about twelve students. This number was also lower that
hoped but since it was a summer school class and the need for subjects was becoming
increasingly dire, the instructor’s offer was accepted. The pre-test was administered with
less than helpful results (blank or curt responses, etc.). Soon after the pre-test, the
researcher was informed by the science instructor that he would not be able to allow his
students to continue participating in the study.
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Another search was initiated to locate a willing school system. Through the help
of Dr. John Clement, the researcher was introduced to Mr. Terry Dunn, the educational
technology coordinator for Franklin County Technical School (FCTS) in Turners Falls,
Mass.

In turn, Mr. Dunn introduced the researcher to Mr. James Klaiber, the head
science teacher at FCTS. Mr. Klaiber was quite willing to allow the use of all of his ninth
grade students as subjects pending receipt of parental permission forms (Appendix C).
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CHAPTER

m.

RESULTS

Initially, over sixty students were available for testing. Since a student can only be
included in the final data by completing the pre-test, treatment and post-test sequence of
events the number of students (due to absences, etc.) that completed this chain of events
was reduced to forty-three. Combining these subjects with the eight Parker students
allowed for a pool of fifty-one subjects in total.

The researcher was concerned about using FCTS students as FCTS is a vocational
high school with a student population whose life goals were markedly different than those
in more traditional secondary educational environments. However, due to the pressing
need for subjects and possibility of viewing the results of two rather different groups of
subjects, the FCTS offer of help was accepted.

As with the other subject groups, the FCTS group was administered the same pre¬
test as all of the other subjects were given. The responses were examined to understand
the level of understanding and what misconceptions were present. After, categorizing the
results the subjects were placed in groups based upon misconception type i.e. external or
internal. The results are seen in Appendix I. Like their counterparts, the FCTS subjects
fell into roughly the same misconception groupings as well as the same conceptual
change percentages. What is different and interesting is their apparently greater
understanding of the initial phases of the formation process: the wind shear and resultant
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rotating horizontal cylinder. This departure from the Parker subject understanding is
unclear but will be further analyzed via the words the subjects used in their pre and post
tests.

The groups were then administered the same hypermedia treatment as the pilot
study students with each subject using the entry point corresponding with their perceived
misconception. As with all other groups, the subjects were asked to record the pages of
the website in the order that they visited them with annotations as what the specific page
taught them about the subject matter.

Results were somewhat lacking in detail with a few students misunderstanding the
instructions and instead of detailing what each page taught them, they proceeded to
discuss how the page looked from an esthetic aspect. After a few days to allow for
retention due to a conceptual change instead of rote memorization, the subjects were
asked to participate in the post-test whose structure was of course identical to that of the
pre-test. The preliminary examination revealed in a number of cases a lack of conceptual
change to the extent that the pre-test and post-test results were all but identical. This may
have been due to indifference in the subjects or a true lack of understanding despite
effortful learning.

A further examination was required to examine why this apparent correlation has
occurred. A more detailed examination of the pre-test and post-test results was begun.
Since the subject matter of tornado formation is rich in movement and chaos, it was
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decided to examine the verbs used in the pre and post-tests. Beginning with a high-level
examination of the FCTS results (Appendix H) which shows the same incidence of
groupings and understanding as the Parker students, the more detailed examination was
begun.

Analysis
The analysis of the results was begun by examining what the subjects expressed
on their pre and post-test responses that would indicate a conceptual change. This change
could be either in terms of a change from a rudimentary or maybe a complete absence of
understanding to something more substantial or from a basic understanding to one that is
of greater complexity or depth.

Also, as with the pilot study, aside from the degree of change is the question of
what direction it took, i.e., which of the following paths did it take:

1. ) An incorrect understanding of the phenomena to a more correct one.

2. ) An initially correct understanding to an incorrect one.

3. ) A correct understanding that is maintained from pre-test to post-test.

4. ) An incorrect understanding that is maintained from pre-test to post-test.

Of course, paths 1 and 3 are the desired directions which would indicate that the
subject’s understanding of the subject has either been enhanced if faulty or unaffected if
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not. To take path 2 would indicate that the treatment has had a detrimental effect on the
subject s understanding. This could be due to either the website presentation or the
subject. For the website to cause a detrimental effect, it would have to either contain
incorrect, confusing or contradictory material or present the material in a confusing or
contradictory manner. If it is due to the subject it would probably be accountable to
apathy or a lack of understanding of scientific principles below that as deemed acceptable
for the particular age group.

Path 4 would also be indicative of either a shortcoming of either the website or the
subject. In this case, the website could be culpable of either driving the subject’s
understanding farther along the incorrect conceptual path or having no effect on an
already incorrect interpretation. The subject could also account for this path as with path
2 either due to apathy or a less than acceptable science adeptness.

Verb Coding
Before we can examine the conceptual change based on the verbs used by the
subjects, we must first devise a measure or “yardstick” by which to gauge the
effectiveness of the website in creating or ignoring a conceptual change.
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After inspection of the phenomenon as presented by the website in text, graphics
and animation, an acceptable sequence of verbs to describe the complete gestation of a
typical tornado would be:

cross, swirl, spin, pull (up), tighten, widen

Cross would be appropriate to describe the first portion of tornado creation, that
being the crossing of wind currents also known as wind shear or a shearing force. This is
necessary to begin the rolling moment that will soon develop into a horizontal cylinder of
air.

Swirl is descriptive of the next phase of the formation in that as the
aforementioned rolling horizontal cylinder begins to form, it goes from two straight
currents that are intersecting to a comparatively slowly rotating, ill-defined cylinder of air
that begins to pull in water vapor and debris at altitude. This is analogous to brisk
autumnal winds swirling around leaves. Of course, as with the previous phase of
formation this occurs well within the confines of the thunderstorm and is not visible to a
ground-based observer.

Spin aptly depicts the third portion of a tornado’s genesis as the rolling cylinder
begins to accelerate and rotates more and more rapidly. The cylinder takes on a darker
color as more debris is absorbed. What was once an enigmatic, comparatively gently
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rolling large cylinder has become a swiftly moving, rapidly rotating object which is
growing in intensity and at the same time experiences a slight decrease in it’s diameter

This is due to the conservation of angular momentum. Since the laws of physics
try to maintain a balance, a rotating object at a constant mass will spin at a constant rate
as long as it is not disturbed in any way. However, when it’s mass is increased as in the
case of the rotating cylinder, the law of conservation of angular momentum dictates that
to maintain the same amount of angular momentum and it must rotate faster.

This is seen when an ice skater is rotating on a single point of the ice with his / her
arms (and therefore mass) spread out. The skater is initially rotating at a certain speed, but
when the arms are drawn in towards the body, thereby concentrating it’s mass, the law of
conservation of angular momentum will cause the skater to rotate more rapidly.

Pull or pull up leads us into the next portion of the formation as the horizontal
spinning cylinder is brought into a vertical position. As discussed previously, this is due
to a thunderstorm in the vicinity of the cylinder. With it’s powerful updrafts, the
thunderstorm draws the cylinder into it’s familiar vertical placement.

Tighten describes the next phase in that as previously discussed, conservation of
angular momentum increases the spinning motion and decreases the diameter as more
debris is pulled in. This is even more pronounced than the last change in angular
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momentum as the cylinder is now in contact with or close to the ground with even more
debris being pulled in and adding to the tornado’s mass.

Widen characterizes the final stage of formation in that the tornado has reached a
mature phase as the portion of the tornado in contact with the clouds has less mass and
widens out compared to the more massive, faster spinning bottom portion. Thus, the
classic funnel shape of a tornado is seen.

Of course, this metric is not intended to be an absolute gauge of the subject’s
responses as there are many words with which a person can describe this complicated
phenomenon.

For example, the following table shows possible variations of the yardstick verbs.
Table 5: Sequenced Verbs and Any Acceptable Variations

Sequenced Verb

Acceptable Variation(s)

Cross

meet, collide, combine, mix, touch, come (together),
blow(together)

Swirl

whirl

Spin

rotate, turn

Pull(up)

pick up, lift, raise

Tighten

come (together), narrow

Widen

widen up, spread
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Also the subjects used some rather generic verbs such as “form”, “create”,
move , cause and make . These verbs were used in many ways to account for many
of the phases of tornado formation. Because these nebulous words were used throughout
the treatment by many subjects they are of obvious interest and importance. While they
themselves are not very descriptive, the words that accompany them give these verbs
important meaning. For example, if the verb “form” is used in the sentence “...the
crossing winds form a swirling cylinder of air.” the verb is of important significance and
certainly counts towards a proper understanding of an associated conceptual change.

Additionally, there was no evidence that the subjects were confused in their line
of thought in the sense that they did not show any confusion as to their reasoning.
However, in the situation where they changed their path within the website when
encountering a counter-example did seem to produce a dissonance. Festinger (1957)
describes individual cognitive dissonance as a sensed lack of consistency within oneself.

In the context of this study, dissonance seems to have been brought about by an
original string of logic or conception coming into contact with a counter-example which
calls into question the viability of the current reasoning. In the cases where subjects
showed a conceptual change of incorrect to correct (Appendices E and H), each displayed
a deeper, more refined understanding. For example, Parker subject 5’s verb uses in the
pre-test were “form, swirl, pick up” whereas the post-test results were “form, meet, spin,
reach, suck” (Appendix E). In this way, the subject’s understanding has embraced much
more of the phases of tornado formation and in proper sequence. In another example,
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FCTS subject 21s pre-test verbs were swirl, make” while the post-test verbs were
create, lift, flare, create . In this case, the subject also exhibited a more inclusive
understanding. Appendix G shows the frequency of verbs used by both Parker and FCTS
subjects. In general, the subjects used the same verbs at roughly the same frequency.

Conversely, the subjects who kept on the same misconception path but had the
same type of verbal change, a deeper understanding was prevalent. In the case of FCTS
subject Fs pre-test verbs were “form” and the post-test verbs were “blow, cross, spin,
pick up”. Again, a more complete, inclusive understanding is realized.

There were cases where the subject maintained an incorrect understanding from
the pre-test through the post-test. In these cases, the verbs used were of no consequence.
In the example of FCTS subject 4, the external misconception was maintained as was an
incorrect understanding. The pre-test verbs were “collide” and the post-test verbs were
“collide, form”. Also, in the case of FCTS subject 6, the pre-test and post-test verb
sequences were both “form, swirl”.

In the Parker group, subject 2 maintained an incorrect understanding with pre-test
verbs of “form, meet, swirl, mix” and post-test verbs of “form, push, rise”. Subject 3 also
maintained an incorrect understanding with pre-test verbs of “ go, form, pick up, move”
and post-test verbs of “form, move, spin”. In both of these situations, the subjects’ verbs
were fewer and less descriptive of the subject matter. Instead of progressing forward and
improving, their understanding seems to have regressed. The cause of this regression does

58

not seem to be attributable to anything in the treatment or the subject’s original
understanding of the phenomenon. The regression may be due to indifference on the part
of the student.

As to the sequencing of the verbs, Appendix J indicates which of the yardstick
verbs were used by the subjects. This gives a rough understanding of how sophisticated
and detailed their description of the subject matter was. More importantly, Appendix J
serves as the basis for Appendix K that shows the subject’s sequencing of the verbs since
the formation of a tornado occurs in a specific ordering. Appendix L gives the same
information but in a graphical manner. Appendix M depicts the specific path each FCTS
subject took in his or her exploration of the site. As an example, FCTS subjects 21 and 26
both displayed all of the yardstick verbs (or acceptable variations) in the proper sequence.
However, subject 26 switched misconception groups while 21 did not. This points toward
the confirmation of CFT as an enabler of conceptual change in ill-structured domains via
a case-based, highly interconnected constructivistic approach embodying multiple
representation of the subject matter.

In describing the yardstick verbs and their applicability to the sequence of tornado
formation, a number of metaphors or analogies were used. These aspects of language
were also expected to be used in the pre-test, post-test and treatment forms by subjects.
However, they were conspicuously absent. It was thought that with subjects of this age
group possessing a sufficient level of experience and sophistication yet limited exposure
to arcane knowledge, the use of such language would be prevalent.
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Table 6 details what specific instances of metaphors or analogies could have been of help
in grasping a better understanding of the subject’s reasoning and thought process:

Table 6: Tornado Formation Stages and Descriptive Metaphors and Analogies

Formation Stage
Wind shear / cross currents
Til-defined rolling horizontal cvlinder
Well-defined rolling horizontal cvlinder
Transition to vertical

Metaphor / analogy
“colliding water currents”

“leaves swirling in the wind”
“whirlpool in the water”
“wheels of a race car entering a high
banked turn” , “a top or gyroscope which
begins spinning on it’s side and rights
itself’
“spinning (Taster) figure skater”
Tightening Rotation
Widening at ton to form funnel- “water going down a drain”_

This aspect would have aided in understanding the subject’s grasp of the subject
matter insofar as to how they are visualizing the phenomenon and also as to how the
animation’s impact had on this visualization process.

The animation is itself a major factor and point of contention in the treatment.
Specifically, does the addition of an animation with it’s flowing graphics and eye¬
catching motion overpower and minimize the impact of the text and still graphics?
Having the subjects draw the sequence on tornado formation as well as writing about it
on both the pre-test and post-tests helped greatly in this respect. Most subjects displayed a
marked improvement in their graphical representation of the sequence of events. Lai
(1998) has found that still graphics and animations can increase the level of concept
learning produced by computer-based learning. Lai implies that this enforces the dual-
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coding theory exposed by Paivio (1990). According to the dual-coding theory, two
streams of stimuli are better than one. This is in alignment with CFT’s criss-crossing
landscape of multiple representations.
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CHAPTER IV.
CONCLUSIONS

In conclusion, this study has investigated the employment of cognitive flexibility
theory as a basis for attempting to bring about conceptual change for ill-structured,
complex domains. This constructivist approach has used the subject’s prior
misconception(s) of the subject matter as a baseline to guide treatments and to measure
the degree of conceptual change.

Throughout this investigation, the goal is one of utilizing technology, specifically
hypermedia, to allow persons to obtain a deeper, more detailed understanding of
information that is of a non-linear, complicated and on the surface sometimes conflicting
nature.

Beyond the obvious idea that numerous representations of a subject can increase
knowledge of the subject, the sequence in which a person is guided through the
representations and allowing them to have control over the path that sequencing takes
place is a key ingredient in bringing about conceptual change. From the pilot phase of this
study, the subjects were divided into one of four groups dependent on their apparent
misconception: internal, external, similarity or if no misconceptions are apparent; the
“regular” group.

The findings reveal that as expected the regular group almost without exception
maintained a correct understanding of the subject matter. Additionally, the subjects in the
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similarity group who start with a misconception and were not allowed to change their
conceptual view of the phenomenon, showed a 100% occurrence of maintaining their
incorrect understanding. This is in spite of the fact that like all other subjects they saw the
currently accepted explanation and animation at the end of the treatment.

Conversely, the internal and external groups who also had initial misconceptions
but were allowed to change their conceptual understanding relative to the material
encountered had a 63% occurrence of changing from an incorrect to correct concept. They
experienced a 14% occurrence of going from a correct concept to an incorrect one. The
study proper portion of the study showed a similar propensity.

CFT has shown to be an effective tool in bringing about a better understanding of
ill-structured, complex knowledge domains. Guiding the subject’s construction of the
conclusion along thematic paths while allowing them to have a moderate amount of selfdirection allows for the correction of false concepts as well as the reinforcement of proper
ones. The use of multiple perspectives of a domain in a case-based environment aids this
correction and reinforcement by giving the subject a number of adequately sized pieces of
information allowing for the accurate, rapid construction of correct concepts.

More work needs to be done using CFT-based hypermedia with different domains
and larger groups of subjects. Also, more work needs to be done in giving counter¬
examples and the subsequent dissonance which may result Additionally, different age
groups of children as well as adults need to be examined.
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The use of hypermedia to guide the presentation of material instead of more
traditional methods such as books and movies combines advantages of other media in that
it conveys video and sound better than a book and is more interactive than a videotape.
Vastly different media can be combined so that they complement each other in a seamless
presentation of the subject matter. In both the pilot and proper phases, subjects were able
to absorb and retain complex, ill-defined information in a thirty-five minute session.
There were a total of over eighty subjects of different abilities who typically do not
achieve at the same level with traditional materials.

Nevertheless, a CFT-based, hypermedia presentation has allowed 60% of the
subjects to change their understanding of a complex subject in a brief period of time and
retain that knowledge for the two weeks between the treatment and the post-test. At the
same time, no subjects experienced changing an initially correct concept to an incorrect
one.

Teacher-led instruction with it’s immediacy to answer numerous types of
questions in an impromptu manner will not bow to hypermedia treatments. However,
hypermedia allows the student to be guided to a correct answer while allowing the student
to largely drive his or her own discovery of the material. Teacher-led instruction can
present subject matter via various forms but it can’t allow students to explore their own
path to the information they need to understand by the very fact that it is teacher led.
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This study has shown how persons who are not conversant even in the most
remote sense can acquire complex knowledge in a rapid fashion and retain the knowledge
for long periods of time. In the case of this study, the long period of time was two weeks.
Given that the primary focus of the subjects were a host of courses largely unrelated to
meteorology and other sciences, this rate of retention is important. In the case of the
FCTS students in the study proper, this degree of retention is ever more important since
FCTS is a vocational school whose student body receive job-related courses that do not
stress theory.

In both the pilot and study proper phases, subjects were able to not only look at
information and draw some conclusions but to construct the portions of information that
they needed to understand the phenomenon. This building block approach that is integral
to any constructivist type of instruction allowed the pilot students to achieve the main
goal of understanding the main concept by first examining the various parts that make up
the main concept. Specifically, the students understood the main parts of tornado
formation (wind shear, a rotating horizontal cylinder, turning vertical and narrowingj.and
were able to examine them separately when necessary.
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CHAPTER V.
RECOMMENDATIONS FOR FUTURE RESEARCH

In this study, the subjects’ responses on the pre-test, post-test and treatment pages
were the main drivers of the direction that the results, analysis and conclusions took. They
also are the primary facilitators of what this study has uncovered as being a good practice
in creating this type of hypermedia as well as what is not a good practice.

The responses do point out what could be done to enhance this treatment as well
as what future research could provide.

A majority of the subject treatment pages in both the pilot and study proper phases
indicated that the textual portions of the treatment were boring and difficult to sit through.
This prevalent expression must be properly contextualized in that the majority of subjects
used were from FCTS. This is not to say that the subjects were not intelligent as a number
of them gave comments and observations that required a true understanding of the subject
matter. They also displayed a genuine desire to learn from this experience.

Unfortunately, a number of the subject responses did not display any of these
qualities. Whether because of indifference or inability, a number of responses were vague
or blank.
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A number of the FCTS subjects also raised some of these concerns. So do
designers of these types of learning systems design them to accommodate the prospective
users preferences? The power of hypermedia allows for such modeling with the growing
field of adaptive learning environments bringing it to it’s maximum potential. Employing
this methodology may create more conceptual problems than help. Students who are
exposed to this type of learning environment may expect the “real world” to be as
adaptive to their specific learning abilities or inabilities.

As previously mentioned, a number of subjects from both Parker and FCTS
remarked on their treatment sheets that they were more of a “visual learner” and found
the textual portions to be boring and/or of little use. By so finely tailoring the
environment to the learner, this researcher believes that a great disservice would be done
to the learner by doing so. A number of subjects who previously had shown a limited
understanding of the subject were found to have increased their cognitive abilities with
respect to the subject. Since the treatment only allowed for multiple representations that
the subject themselves could navigate through via conceptual changes, all but the grossly
indifferent students were aided in their understanding.

Recommendations for future research in this area include the use of purely
pictorial and purely textual treatments of subject matter to students based upon their
initial preferences. The results of such experimentation could then be contrasted to a more
mixed representation as in this study to devise a better balance of media types. In this
way, an adaptive learning environment could then be developed that would be truly
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beneficial to student by allowing them multiple representations of the subject matter but
still staying in line with their primary learning style.

Additionally, in this study the subjects were allowed to change their path traversal
at specific points based upon the information presented to them. This also can be viewed
as a means to resolve or mitigate a dissonance brought about by their misconceptions and
the treatment information. Further research should also be done to investigate how
students can resolve such dissonance in a purely computer-based instruction environment.
Without a human teacher to answer questions and provoke discussion, the student must
have an alternative method which can answer questions without giving away the whole
answer...we still want the student to create and understand their concepts via
constructivist principles. The area of intelligent tutoring systems might be applicable
here.

Intelligent tutoring systems also bring up the point of how hypermedia-based
instruction systems can more readily meet the needs and learning styles of the individual
learner. These adaptive learning environments are currently being used as the basis for a
number of research efforts. Additional research needs to be done in the area of how to
best accommodate different learning styles while still imparting the necessary information
to be learned.

It was seen in both the pilot and study proper portions of this study that subjects
who are more attuned to visual learning grasp the larger ideas presented but miss the

68

details and subtleties which are best brought out via text. So the question is how can
hypermedia-based instruction be more adaptable to the individual student and properly
integrate textual and non-textual information? While this question is not going to be
answered fully here, this study has shown how students can be guided through complex
subject matter via a structured methodology which also allows the student to maintain
some control over how they navigate the information and be able to construct their
understanding of the subject matter.

Guiding the subject’s construction of the conclusion along thematic paths while
allowing them to have a moderate amount of self-direction allows for the correction of
false concepts as well as the reinforcement of proper ones.

The use of multiple perspectives of a domain in a case-based environment aids
this correction and reinforcement by giving the subject a number of adequately sized
pieces of information allowing for the accurate, rapid construction of correct concepts.

More work needs to be done using CFT-based hypermedia with different domains
and larger groups of subjects. Also, more work needs to be done in giving counter¬
examples and the subsequent dissonance that may result. Additionally, different age

groups of children as well as adults need to be examined.
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CHAPTER VI.
SUMMARY
This study has examined the implementation of Cognitive Flexibility Theorybased hypermedia for the guided exploration of complex, ill-defined subject matter.
Through the use of such a hypermedia treatment, it has been shown that complex, illstructured subject matter of a very arcane nature can be presented to persons lacking the
expertise to comprehend this material via more traditional methods. To a large degree,
this material has been understood and in many cases an initially incorrect, possibly
ingrained misconception can and has been replaced with a correct one.

In all but the most indifferent student, some degree of understanding of the true
nature of the phenomenon has been ascertained. This is important since as research
continues in the future treatments of such material, a larger, more inclusive group of
people with differing background and experiences can be given the tools to guide
themselves through previously difficult, possibly insurmountable subject matter. In this
way, technology can be used as a tool to reveal highly complicated knowledge to a greater
group of persons and increase their ability to grasp previously untouched information.
Instead of making complex, ill-structured material less accessible and even more
incomprehensible, technology will make it attainable for many people and thereby
increase the common good.
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APPENDIX A
PILOT STUDY PATH DIAGRAM

72

The following diagram details the paths that students could use through the
website based upon their conceptual grouping in the pilot study:

73

Animation

APPENDIX B
CURRENT STUDY PATH DIAGRAM

The following diagram details the paths that students could use through the website based
upon their conceptual grouping in the current phase of the study:
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APPENDIX C
SUBJECT INFORMED CONSENT FORM
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INFORMED CONSENT FORM FOR PARTICIPATION IN DOCTORAL DISSERTATION
RESEARCH

Researcher:

Joseph J. Frantiska, Jr.
Univ. of Massachusetts.-Amherst
Doctoral candidate; school of education
978-251-7380 eves.
jfrantiska@aol.com

Project: To explore the combination of media to better improve learning of complex subject matter via
hypermedia browsing. This study will examine how to best combine media of different forms based on
cognitive flexibility theory to improve learning of complex, ill-structured information (weather
phenomenon) through the use of hypermedia (World Wide Web) technology.

To: Participants
This is to inform you of your rights as a willing participant in this research effort.
1•

You are free to participate or not in this study without fear of prejudice.

2.

You may withdraw from participating in this study at anytime and have the right to review
all materials to be used.

3.

You will be asked to navigate through a hypermedia website and asked questions about
it’s content and what you have learned about the subject matter from it.

4.

You will be required to provide minimal personal information (grade and age) as well as
information about your responses to the usage of this website and what it may have taught
you about the subject matter.

5.

Your identity will be protected at all times by the use of a number in place of your name.
The information that you provide about yourself and any information about what you
have expressed as a result of your participation in this study will be used in a published
doctoral dissertation and this information will only be referenced by the number chosen to
represent you; not your name. The information in the dissertation will be in the form of
tables, graphics and/or text.

6.

This study and your participation in it are for the purposes of a doctoral dissertation and
in no way will effect your normal schoolwork. If you decide not participate or drop out,
this also will not effect your normal schoolwork.

Student

Date

My child will_or will not_participate in this study. Please check one, affix your signature and
return.

Parent or guardian
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PARKER TREATMENT SHEET
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APPENDIX E
PARKER VERB ANALYSIS SHEET

Student #

Verbs - Pre

Misconception

Path taken

Verbs - Post

Cone. Chg.

1

gather, form, move, push

External

External; kept on path

collide, form

1 to C

2

form, meet, swirt, mix

External

External; kept on path

form, push, rise

1 to 1

3

go, form, pick up, move

External

External; switched to internal

form, mote, spin

1 to 1

4

form

Internal

Internal; switched to external

form, swirl

1 to C

5

form, swirl, pick up

External

External; switched to internal

form, meet, spin, reach, suck

1 to C

6

form, spin, stop

Internal

Internal; kept on path

form, meet, make

1 to 1

7

form, make, turn, destroy
cause, come, form,combine, blow,
pick up

External

External; kept on path

form, make, widen up, swirl

1 to C

External

External; switched to internal

form, push, create, rotate

1 to C

8

APPENDIX F
PARKER PATH TRAVERSALS

The following diagrams depict the website traversals of the Parker Middle School
students. In these diagrams the following key is used:
Path actually taken:

Paths that are available for traversal:
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APPENDIX G
PARKER AND FCTS VERB COUNT ANALYSIS SHEET
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spin
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1
turn
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1
swirl
3
2
come
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3
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5
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cause
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FCTS TREATMENT SHEET
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Student#
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Student Verbs - Pre
#
test

Misconception Path taken

Verbs - Post test

Cone. Chg.

1

form

Internal

Internal; kept on path

blow, cross, spin,
pick up

ItoC

2

hit

Internal

Internal; change to
external

go, creating

ItoC

3

spin, speed,
spread, make

Internal

Internal; kept on path

form, bend, twist,
make, become

C to C

4

collide

External

External; kept on path collide, form

1 to 1

5

collide

External

External; kept on path collide

ItoC

6
7
8

form, swirl

Internal

Internal; kept on path

1 to 1

form, meet,
make

External

External; kept on path form

1 to 1

9

combine

External

External; kept on path combine

1 to C

10

blow, get,
move

Internal

Internal; kept on path

ItoC

11

External

External; kept on path blow, create

1 to C

12
13

External
Internal

Internal; kept on path

1 to C

14
15
16

make,suck

External
Internal
External

External; kept on path come, form

ItoC

17

meet, spin

External

External; kept on path meet, come, form,
turn

1 to C

18
19
20

hit, turn

External
External
External

External; kept on path hit, combine, pick,
up, go

1 to C

21

swirl, make

Internal

Internal: switched to
external

create, lift, flare,
create

1 to C

22

spin, drop

Internal

Internal: switched to
external

push, create

1 to C

External; kept on path form, collide

1 to C

23
24
25
26

form, swirl

come, whirl, form,
get, make

whirl, hit, get, pick
up

External
Internal
form, combine,
get

External
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APPENDIX I - FCTS VERB ANALYSIS SHEET (cont.)

27
28
29

hit, form, pick
up

Internal

Internal; kept on path

meet, form,
swirl, touch

External

External; kept on path form, move,
create

ItoC

31
32

form, combine

External

External; kept on path go

ItoC

33
34
35

come,make

External

External; kept on path form, go, get,
destroy

ItoC

36

come, meet,
spin

External

External; kept on path spin, move, pick
up, increase

ItoC

37

form

External

External; kept on path form

1 to C

38

form, turn, rip

Internal

Internal; switched to
external

1 to C

39

mix

External

External; kept on path mix

1 to 1

40

form, collide,
spin

External

External; kept on path meet, make, start

1 to C

push

External

External; kept on path pull

1 to C

form, spin,
touch down,
turn, suck

Internal

Internal; kept on path

form, create, suck

1 to C

form, suck

Internal

Internal; kept on path

form, meet,
cause, make

1 to C

47

form, cause,
create

External

External; kept on path form, swirl

1 to C

48

form

External

External; switched to
internal

1 to 1

49

collide

External

External; switched to
internal

50

form, grow, hit

External

External; kept on path

30

41
42
43
44

45
46
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form, mix, move,
come, pick up

form

form, come

ItoC

1 to C
1 to C
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Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

cross
1
1
1
1
1
1
1
1
1
1

swirl
1

spin
1

pull/pullup
1

1

1

tiqhten

widen

1
1

1
1

1
1

1
1

1

1

1

1

1

1

1

1

1

1

1

1
1

1
1
1

1
1
1

1
1

1
1

1

1

1

1

1

1
1

1
1
1

1
1
1

1
1
1

1
1

1
1

1
1

1
1

1
1

1

1

1

1

1

1
1

1

1
1

1
1

1

1

1

1

1

1
1

1
1
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APPENDIX J - FCTS AND PARKER VERB USAGE (cont.)
Subject
49
50
51
52
53
54
55
56
57
58
Total
% Number of
subjects

cross
1

swirl

spin

1

pull/pullup

tighten

widen

1

1

1
1

1
1

14
24.14

14
24.14

1

1
1

1
1
1
1

1

1
1
32
55.17

1
1
22

37.93

1

18
31.03
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14
24.14

APPENDIX K
FCTS AND PARKER VERB SEQUENCING

Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Subject
15
16
17
18
19
20
21
22
23
24
25
26
27
28
Subject
29
30
31
32
33
34
35
36
37
38
39
40
41
42

cross
1
1
1
1
1
1
0
1
1
1
1
0
0
0
cross
0
1
1
0
0
1
1
1
0
0
0
1
1
0
cross
1
1
0
1
0
0
1
0
1
0
1
1
0
1

swirl
2
0
0
2
0
2
0
0
0
2
2
0
1
0
swirl
0
2
2
0
0
2
2
2
0
0
0
2
2
0
swirl
2
2
0
0
1
0
0
0
2
0
0
0
0
0

spin
3
0
2
0
0
0
0
0
0
3
0
0
2
0
spin
0
3
0
0
0
3
3
3
0
0
0
3
3
0
spin
0
3
0
0
2
0
0
1
3
0
0
0
0
0

101

pull/pullup
4
0
3
0
0
0
0
0
0
0
0
0
0
0
pull/pullup
0
0
3
0
0
0
4
0
0
0
0
4
0
0
pull/pullup
3
0
0
0
0
0
0
2
4
0
0
2
0
2

tighten
0
2
4
0
0
0
0
0
0
4
3
0
0
0
tighten
0
0
4
0
0
0
5
0
0
0
0
5
0
0
tighten
4
0
0
0
0
0
2
3
5
0
0
0
0
0

widen
0
3
5
0
0
0
0
0
0
5
4
0
0
0
widen
0
0
5
0
0
0
6
0
0
0
0
6
0
0
widen
5
0
0
0
0
0
3
4
6
0
0
0
0
0

APPENDIX K - FCTS AND PARKER VERB SEQUENCING (cont.)

Subject
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

cross
0
1
0
1
1
0
1
0
1
1
0
0
0
1
0
1

swirl
0
0
0
0
0
0
2
0
0
0
0
1
1
0
1
2

spin
0
0
0
0
2
0
0
0
0
0
1
0
2
0
0
3

102

pull/pullup
0
2
0
2
0
0
3
0
2
0
0
0
0
0
0
0

tighten
0
0
0
0
0
0
0
0
3
0
0
2
3
0
0
0

widen
0
0
0
0
0
0
0
0
4
0
0
3
4
0
0
0

APPENDIX L
FCTS AND PARKER VERB SEQUENCING GRAPHS

FCTS and Parker Verb Sequence (Subjects 1 to 14)

□ Subject 1
H Subject 2
□ Subject 3
□ Subject 4
■ Subject 5
□ Subject 6
■ Subject 7
□ Subject 8
■ Subject 9
□ Subject 10
□ Subject 11
□ Subject 12
■ Subject 13
■ Subject 14

FCTS and Parker Verb Sequences (Subjects 15 to 28)
□ Subject 15
■ Subject 16
□ Subject 17
□ Subject 18
■ Subject 19
□ Subject 20

Sequence

■ Subject 21
Subject 27

■ Subject 23

Subject 23
Subject 19
Subject 15

□ Subject 22

Subjects

H Subject 24
□ Subject 25
□ Subject 26
■ Subject 27
■ Subject 28

Verbs

104

APPENDIX L - FCTS AND PARKER VERB SEQUENCING GRAPHS (cont.)

FCTS and Parker Verb Sequences (Subjects 29 to 42)
□ Subject 29
M

Subject 30

□ Subject 31
□ Subject 32
■ Subject 33
□ Subject 34
■ Subject 35
□ Subject 36

Subject 41

■ Subject 37

Subject 37
Subject 33

Subjects

□ Subject 38
□ Subject 39

Subject 29

□ Subject 40
■ Subject 41
■ Subject 42

Verbs

FCTS and Parker Verb Sequences (Subjects 43 to 58)
□ Subject 43
■ Subject 44
□ Subject 45
□ Subject 46
■ Subject 47
□ Subject 48
■ Subject 49

Sequence

□ Subject 50
Subject 55
Subject 51
Subject 47
Subject 43

Subjects

■ Subject 51
□ Subject 52
□ Subject 53
□ Subject 54
■ Subject 55
■ Subject 56
■ Subject 57

O)

■ Subject 58

Verbs
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APPENDIX M
FCTS PATH TRAVERSALS
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The following diagrams depict the website traversals of the Franklin County Technical
School students. In these diagrams the following key is used:
Path actually taken:

Paths that are available for traversal:
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APPENDIX N
WEBSITE GRAPHICS
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WALL CLOUD LOOKING SSE FROM FM 2B2

Figure N1 Start of the Pampa TX tornado.
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Figure N2 Pampa TX tornado touching down.
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TORNADO SW OF FM 282/HWY 60

Figure N3 Pampa TX tornado traveling on the ground.
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TORNADO WITH FLYING DEBRIS IN WEST PAMPA

Figure N4 Pampa TX tornado in full contact with the ground.
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Figure N5 Colorado and Wyoming Tornado Track Maps 1950 - 1989
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Figure N6 Kansas Tornado Track Map 1950 - 1989
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Figure N7 Diagrams Showing Macro View of Tornado Formation.
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Figure N8 A Mature Dust Devil.
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122

Figure N10 A waterspout being spawned.

123

Figure Nil A waterspout touching down on the water.

124

Figure N12 A mature waterspout with classic shape, high density and
dark coloration.

125

Figure N13 Winds crossing each other which begin the tornado
formation sequence.
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Figure N14 The crisscrossing winds form a horizontal rolling cylinder
of air.

127

Figure N15 The rolling cylinder of air rotates faster and becomes
darker with increased water and debris.
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Figure N16 An updraft begins to raise the horizontal cylinder to a
vertical position.
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Figure N17 Cylinder in a vertical position is darker and spins faster
due to increased mass from ground debris.
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Figure N18 Due to conservation of angular momentum, the cylinder
has begun to transform into the classic funnel shape.
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Figure N19 The funnel has reached it’s mature stage with maximum
wind speed and mass.
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